ABSTRACT
Introduction
The use of a variety of materials to fill extraction sockets has been studied in order to accelerate bone regeneration, maintain alveolar ridge and reinforce the resistance of the maxilla or mandible [1] [2] [3] [4] [5] [6] [7] [8] . Some of the more common indications for extraction of teeth in cats include crown fracture with pulp exposure, periodontal disease, feline odontoclastic resorptive lesions and feline chronic gingivostomatitis [9] [10] [11] [12] [13] .
Autogenous cancellous bone is still regarded as the best material, because of its osteogenic, osteoinductive and osteoconductive properties. But one of its disadvantage is the need of a second surgical procedure at the donor site 14, 15 .
The bioactive glass is a bioactive ceramic that has the ability to bond to bone tissue. Bioactive glass particles are composed of salts of calcium, sodium, phosphorus and silica.
When implanted in living tissue, the granules undergo a surface reaction that results in the formation of a calcium phosphate layer that is substantially equivalent to the hydroxyapatite found in bone mineral. This layer provides scaffold for bone growth.
The bioactive glass particles also form a cohesive mass when contacting the blood, thereby exhibiting hemostatic properties 1, 16 .
The objective of the present study was to evaluate bone formation resulting from the placement of autogenous cancellous bone or bioactive glass into fresh extraction sockets in cats.
Methods

This study was approved by the Ethics Committee for
Animal Research of UNESP, Araçatuba-SP, Brazil.
Eighteen healthy young adult (aging between 12 and 36 months) mixed breed cats (weighing 3.2 ± 0.3 kg) were utilized. Nine spayed females and nine neutered males were used and evenly distributed among 3 groups. Unilateral extraction of mandibular canine tooth was performed at random in either the right or left side. In group 1, control, the extraction socket was left empty. In group 2, the extraction socket was filled with autogenous cancelous bone from the iliac crest and in group 3, with bioactive glass particulate material (Consil Dental Bioglass ® , Nutramax Laboratories, Inc. by NovaBone Products, LLC, Alachua, FL, USA). Cats were euthanized at four weeks postoperative
Surgical procedure
Food was withheld for 12 hours prior to anesthesia. The cats were premedicated with atropine (0.05 mg/kg SC), xylazine (2 mg/kg SC) and ketamine (15 mg/kg SC). Thiopental (5mg/kg IV) was administered to allow endotracheal intubation. Inhalation anesthesia was maintained with halothane and oxygen. Fentanyl 
Postoperative observations and radiographs
Oral alimentation was reinitiated 24 hours after surgery with canned food. This soft food was offered during five days. After this period, the animals were fed with commercial dry feline diet.
Intraoral radiographs were performed immediately after surgery and at the end of the study, i.e., after four weeks postoperative.
Macroscopic analysis, histolopathology and histometry
The cats were euthanized at four weeks postoperative by intravenous thiopental overdosage. Block sections of the maxilla that contained the extraction wounds were fixed in 10% formalin.
The undecalcified specimens were dehydrated in ethanol, clarified in xylol and embedded in glycol methacrylate. Thin sections were made transversely and stained with Masson-Goldner, toluidine blue and hematoxylin-eosin for microscopic evaluation. For the histometric analysis, the images of sections were acquires using a digital camera (Olympus DP71) coupled to a microscope (Olympus BX61). The percentage of newly formed bone within the extraction socket was measured using the Image Pro Plus 6.1 software.
Statistical analysis
Non-parametric tests were utilized for the data analysis, 
Results
No case of crown and/or root fracture occurred during dental extraction. There were no clinical complications. No case of oronasal fistula or root remnants was observed. During the experimental period the cats showed normal activity and mastication. Good healing of the extraction wound was observed in 14 cats (Figure 3 ). In four animals (one cat from group 1, one cat from group 2 and two cats from group 3) the mucoperiosteal flap was not properly done and because of that, complete epithelization was not present four weeks after surgery. Oral mucosal sutures of 4-0 polyglyconate were not removed, and usually disappeared.
But in seven cats, some sutures were still present four weeks after surgery. Cats from group 2, in which autogenous bone graft was harvested from the iliac wing, showed normal deambulation after surgery. The surgical wounds in the iliac crest region also healed satisfactorily.
Immediate postoperative intraoral radiographs of control animals showed a radiolucent area at the extraction wound ( Figure 4 ). In group 2 (extraction sockets filled with particulate autogenous cancelous bone), three animals showed radiolucency at the extraction wound. The other three cats of group 2 showed radiopacity, and it was possible to see the bone particles ( Figure   5 ). Strong radiopacity was observed in extraction sockets filled with bioactive glass (Figure 6 ). The radiographic examinations performed four weeks after surgery showed that in all groups the healing process converged to a radiopacity similar to that observed in the surrounding bones ( Figure 7 ). The result of McNemar'test was significant in control group since the extraction wound changed from radiolucent to radiopaque in intraoral radiographs taken at 4 weeks postoperative ( Table 1 ). The result of Fisher's exact test was significant when the immediate postoperative radiographs of control group were compared with those of group 3 (bioactive glass) ( Table 2) . 
Filling of extraction sockets of feline maxillary canine teeth with autogenous bone or bioactive glass
Discussion
The local anesthesia of the infraorbital nerve reduced inhalant anesthetic requirement and decreased pain after surgery.
Postoperative pain was also controlled with the use of nonsteroidal anti-inflammatory drugs and soft food as recommended by others studies 3, 13 .
In the present study, no case of oronasal fistula occurred.
The oronasal fistula is a possible complication after maxillary canine tooth extraction in dogs and cats. It results from avulsion of a part of the alveolar wall during extraction, creating a communication with the ipsilateral nasal cavity. Therefore, the maxillary canine tooth extraction requires some care because its root lies within millimeters of the nasal cavity's lateral wall 13 .
As autogenous bone stored in saline solution at room temperature for up to two hours preserve its quality according to Laursen et al. 17 , harvesting of bone graft was performed before tooth extraction in order to facilitate surgical procedures.
We used small particles of 1 to 3 mm of cancellous bone to fill the extraction sockets in group 2. Better bone regeneration was observed in defects filled with small autogenous bone particles than in those filled with large particles 18 .
The intraoral radiographs provided good visualization of the extraction wound due to minimal overlapping of bones.
Intraoral radiology provided better results than the extraoral radiographic technique which was used in another experiment in cats 8 . But probably, the best images of extraction wounds are obtained with microcomputed tomography scan, as demonstrated by Kumarswamy et al. Mean values somewhat lower, around 50%, were observed in the histometric examinations of another experiment performed on cats, with an observation period of six weeks, in which the extraction sockets of mandibular canine teeth were filled with autogenous cancellous bone or cortical bone chips 8 .
The experimental study in dogs of Gauthier et al. 2 demonstrated that after three months of tooth extraction the mean rate of newly formed bone in extraction sockets filled with calcium phosphate was lower to that observed in control sites (45% versus 64%).
The histometric data of the experiment performed on dogs by Suba et al. 4 demonstrated that platelet-rich plasma promoted bone regeneration in its early stages (six weeks) when combined with tricalcium phosphate for the filling of extraction sockets, since the percentage of bone area was lower in the control group than in the test group (30.8 ± 18.8% versus 45.9 ± 20.6%).
Twelve weeks after filling, the test group still showed a slight advantage over the control group in relation to bone regeneration (52.5% versus 49.4%). But 24 weeks after surgery, the percentage of newly formed bone was almost equal in both groups (62.9% in the test group and 61.9% in the control group).
In the canine study of De Kok et al. 5 the measured bone formation after 49 days in the extraction sockets filled with hydroxyapatite/tricalcium phosphate cylinders loaded with mesenchymal stem cells was similar to that observed in the control group (34% versus 35%). A lower value was observed in the extraction sockets filled only with the synthetic material (25%).
In the experimental study of Araújo and Lindhe 6 the extraction sockets of dogs filled with anorganic bovine bone showed less mineralized bone in comparison with sockets that had been filled with chips of autologous bone harvested from the mandible (43.5% versus 57.2%). The histometric data were obtained 3 months after dental extraction.
The preclinical pilot study of Kumarswamy et al. 7 evaluated four materials in the filling of extraction sockets of dogs:
xenograft particulate bone and a collagen sponge plug (control), bone putty containing lidocaine, bone putty mixed with xenograft and xenograft sandwiched between bone putty. The radiographic analysis performed with a microcomputed tomography scan six weeks after surgery demonstrated comparable bone healing among groups, since the mean ratio of bone volume to total volume of extraction socket ranged from 48 % to 55%.
The extraction sockets filled with bioactive glass in the present study did not show a better bone regeneration than that observed in the control group or in the group of autogenous cancellous bone. Nevertheless, this synthetic osteoconductive material did not impaired bone neoformation.
Conclusion
The bone regeneration observed in the extraction sockets filled with autogenous cancellous bone or bioactive glass was similar to that observed in the control sites, given an observation period of four weeks after extraction of the maxillary canine tooth.
